ABSTRACT: This study was conducted to develop equations to predict carcass and body fat compositions using biometric measures (BM) and body postmortem measurements and to determine the relationships between BM and carcass fat and empty body fat compositions of 44 crossbred bulls under tropical grazing conditions. The bulls were serially slaughtered in 4 groups at approximately 0 d (n = 4), 84 d (n = 4), 168 d (n = 8), 235 d (n = 8), and 310 d (n = 20) of growth. The day before each slaughter, bulls were weighed, and BM were taken, including hook bone width, pin bone width, abdomen width, body length, rump height, height at withers, pelvic girdle length, rib depth, girth circumference, rump depth, body diagonal length, and thorax width. Others measurements included were total body surface (TBS), body volume (BV), subcutaneous fat (SF), internal fat (InF), intermuscular fat, carcass physical fat (CFp), empty body physical fat (EBFp), carcass chemical fat (CFch), empty body chemical fat (EBFch), fat thickness in the 12th rib (FT), and 9th-to 11th-rib section fat (HHF). The stepwise procedure was used to select the variables included in the model. The r 2 and the root-mean-square error (RMSE) were used to
INTRODUCTION
Methods for determining carcass and body composition of beef cattle have been extensively studied because of their nutritional and economic importance (Fisher, 1975; Hedrick, 1983; Bonilha et al., 2011) . Techniques that are noninvasive have been preferred due to practicality. Body weight has been widely used in determining the growth rates of animals and to predict their body composition and therefore the rates at which various tissues have grown (Lawrence and Fowler, 2002) . Body fat is 1 of the most variable components in the body or carcass and the most difficult to predict (Jones et al., 1978; Owens et al., 1995; Bonilha et al., 2011) . account for precision and variability. Our results indicated that lower rates of fat deposition can be attributed to young cattle and low concentration of dietary energy under grazing conditions. The BM improved estimates of TBS (r 2 = 0.999) and BV (r 2 = 0.997). The adequacy evaluation of the models developed to predict TBS and BV using theoretical equations indicated precision, but lower and intermediate accuracy (bias correction = 0.138 and 0.79), respectively, were observed. The data indicated that BM in association with shrunk BW (SBW) were precise in accounting for variability of SF (r 2 = 0.967 and RMSE = 0.94 kg), InF (r 2 = 0.984 and RMSE = 1.26 kg), CFp (r 2 = 0.981 and RMSE = 2.98 kg), EBFp (r 2 = 0.985 and RMSE = 3.99 kg), CFch (r 2 = 0.940 and RMSE = 2.34 kg), and EBFch (r 2 = 0.934 and RMSE = 3.91 kg). Results also suggested that approximately 70% of body fat was deposited as CFp and 30% as InF. Furthermore, the development of an equation using HHF as a predictor, in combination with SBW, was a better predictor of CFp and EBFp than using HHF by itself. We concluded that the prediction of physical and chemical CF and EBF composition of grazing cattle can be improved using BM as a predictor.
The use of body biometric measures (BM) taken on live animals as predictors of the body composition was suggested long ago (Cook et al., 1951; Fisher, 1975) . Most of these linear measurements primarily reflect the lengths of long bones of the animal. They indicate the way in which the body shape is changing and have been used as predictors of both animal BW and body composition (Lawrence and Fowler, 2002; Fernandes et al., 2010) . Fernandes et al. (2010) found that combinations of different BM obtained in vivo or postmortem can be a tool to predict physical and chemical amounts of fat in the carcass and body of grazing bulls. However, notably in grazing cattle, the prediction of adipose tissue deposition in the carcass and body and its distribution in different regions of the body using live body measurements are limited and incomplete (Lawrence and Fowler, 2002) . We believe that physical and chemical body fat compositions can be improved by using BM measured on live animals.
The objectives with this study were 1) to develop prediction equations for carcass and body fat compositions using BM and to determine their relationships for crossbred bulls under tropical grazing conditions, 2) to assess the distribution of fat depots in the body, and 3) to develop prediction equations for total body surface (TBS) and body volume (BV) using BM.
MATERIALS AND METHODS
Humane animal care and handling procedures of the Federal University of Viçosa (Brazil) were followed in this research.
Animals
The data used in this trial were obtained at the Federal University of Viçosa, Brazil, between July of 2009 and May of 2010. This trial used 44 bulls from different genetic compositions (at least 50% Nellore breed) with an initial age of 8.4 ± 0.8 mo and shrunk BW (SBW) of 203 ± 17.5 kg. The bulls were divided into 4 groups and grazed Brachiaria decumbens Stapf. The animals received 4 different supplementation strategies. Different nutritional strategies, variation in the forage composition along the study, and different ADG were not considered when developing the equations. These strategies were needed to obtain sufficient variation in the body composition to mimic animal growth patterns under practical conditions. The animals were randomly assigned to 1 of 4 nutritional supplementation strategies: mineral only and low, medium, and high concentrate supplement intake. The experiment was divided in 3 growing phases of 84, 84, and 142 d, respectively, according to the season. The daily amount of supplement offered to the bulls was adjusted for each phase depending on the quality and availability of the forages. Four bulls were slaughtered at the beginning of the first experimental phase as a baseline. Then, 4 groups of bulls were slaughtered at approximately 84 d (n = 4), 168 d (n = 8), 235 d (n = 8), and 310 d (n = 20) of growth.
Biometrics Measures
The day before slaughter, bulls were weighed to obtain the full BW (FBW) and BM. The measurements were always taken by the same technician. Bulls were acclimated in a chute as each measurement was taken before the experiment commenced. Each animal was normally positioned in a squeeze chute, and anatomical locations were used as reference points for the BM determination. The positions of each measurement point were determined by palpation as recommended by Fisher (1975) . The BM were adapted from Fisher (1975) , Lawrence and Fowler (2002), and Fernandes et al. (2010) and were taken with the aid of a large caliper (Hipometro type Bengala with 2 bars, Walmur, Porto Alegre, Brazil) and a graduated plastic flexible tape. Measurements included hook bone width (HBW) as the distance between the 2 ventral points of the tuber coxae (large calipers); pin bone width (PBW) as the distance between the 2 ventral tuberosity of the tuber ischia (large calipers); abdomen width (AW), measured as the widest horizontal width of the abdomen (paunch) at right angles to the body axis (large calipers); body length (BL) as the distance between the point of the shoulder and pin bone point of the tuber coxae (tape); rump height (RH), measured from the ventral point of the tuber coxae, vertically to the ground (large calipers); height at withers (HW), measured from the highest point over the scapulae, vertically to the ground (large calipers); pelvic girdle length as the distance between the ventral point of the tuber coxae and the ventral tuberosity of the tuber ischii (large calipers); rib depth (RD), measured vertically from the highest point over the scapulae to the end point of the rib (at the sternum; large calipers); girth circumference (GC), taken as the smallest circumference just posterior to the anterior legs, in the vertical plane (tape); rump depth, measured as the vertical distance between the ventral point of the tuber coxae and the ventral line of the tuber coxae (large calipers); body diagonal length, measured as the distance between the ventral point of the tuber coxae and the cranial point of shoulder (tape); and thorax width, measured as the widest horizontal width across shoulder region (at the back) using large calipers.
Slaughter and Body Composition Techniques
Shrunk BW was obtained after 16 h of feed withdrawal. Animals were desensitized using a Cash knocker (Gil, Ribeirão Preto, Brazil) and killed by exsanguina-tion using conventional humane procedures. Blood was weighed and sampled for analysis. All the body components were cleaned and weighed. They included internal organs (lungs, heart, kidneys, trachea, liver, reproductive tract, and spleen), digestive tract (rumen, reticulum, omasum, abomasum, and small and large intestines), KPH, visceral fat, tongue, tail, hide, head, feet, and carcass. Empty BW (EBW) was computed as the sum of all body components. Viscera and organs were ground together immediately after slaughter, subsampled, and frozen at -20°C. Similarly, the hide, head, and 2 feet (1 front and 1 back) were sampled and frozen for subsequent analyses of DM and chemical fat content. Internal physical fat (InF) was calculated by summing the KPH and the visceral fat. The hide was also subsampled and ground.
Measuring Body Volume and Total Body Surface
The BV was measured using a cylindrical water tank. After an animal was stunned, the body (except the head) was lifted and submerged into the water tank. Transparent tubing that was tightly and vertically connected to the outside of the tank was used to measure water displacement. A measuring tape alongside the transparent tubing was used to determine this distance. The level of water before and after animal submersion was recorded. The BV was computed using the water level difference and the radius of the water tank. The TBS was determined by adapting the method described by Brody and Elting (1926) as follows: the TBS was measured immediately after slaughter and the removal of the hide, which was completely extended over a 3 × 3 m banner containing a 4 cm 2 grid, and the coordinates of the hide were taken, and the TBS was calculated using a spreadsheet.
Carcass Measurements and Components
The carcass of each bull was split into 2 identical, longitudinal halves. The KPH was removed from the carcass. The half carcasses were weighed hot and chilled at -1°C. After 24 h of chilling, the carcasses were again weighed to obtain the chilled carcass weight. The 9th-to11th-rib section was removed from the left carcass (Hankins and Howe, 1946) , and it was dissected into bone, muscle, and fat (HHF) and weighed. After measuring the fat thickness in the 12th rib (FT), the right half of the carcass was physically separated into subcutaneous fat (SF), intermuscular fat, muscle, and bone. All components were weighed, ground, and sampled to determine chemical composition. The intermuscular fat and SF were summed to represent carcass physical fat (CFp). The empty body physical fat (EBFp) was calculated by summing InF and CFp weights.
Chemicals Analyses
Except for blood samples, which were dried at 60°C for 72 h, all other samples were lyophilized for 72 to 96 h to determine DM, and then they were partially defatted by washing them with petroleum ether in a Soxhlet extract apparatus for approximately 6 h. The amount of fat lost during the process was computed by weight difference. All samples were ground using a ball mill and analyzed for ether extract. The ether extract of the dried sample was conducted in a XT15 extractor (Ankom, Macedon, NY) using XT4 filter bags as suggested by AOCS (2009), using petroleum ether. The total chemical fat content of each sample was the sum of the partial fat (Soxhlet extraction) and the ether extract (XT15 extractor). The amount of carcass chemical fat (CFch) and the empty body chemical fat (EBFch) were estimated by multiplying each component weight by its fat content.
Model Development
Predicting TBS and BV. The technique used to develop theoretical equations to predict TBS and BV was adapted from Thompson et al. (1983) , who considered the animal body as having a cylinder shape and 2 parallel planes (base and top), beginning at the thorax and ending at the posterior junction of the buttocks. The TBS was computed as the surface and volume of the cylinder, respectively, as shown in Eqs.
[1] to [5] . Equation [1] is the sum of the lateral body surface (Eq. [2]) and the surface of the top and base of the cylinder (Eq. [3]).The radius of the body was calculated with the GC, as shown in Eq.
[4], and was used to compute the BV, as shown in Eq. [5] .
where TBS is the total body surface (m 2 ), LBS is the lateral body surface (m 2 ), BV is the body volume (m 3 ), RB is the radius of the body (cm), Sbt is the base and top (parallel planes) surface area (m 2 ), π = 3.1416, and BL is the body length.
The predicted values of TBS and BV using a theoretical equation were regressed on the observed TBS and BV, respectively, to adjust for parts of the TBS and BV that were not considered in the theoretical model. Because these theoretical equations are independent of the data, an independent database was not used. In addition, other empirical equations to predict TBS and BV were developed using SBW and BM.
Prediction of the Physical Subcutaneous Fat. An equation was developed to theoretically predict SF (Eq.
[6]) based on TBS, FT, and fat density (912 kg/m 3 ), as suggested by Bieber et al. (1961) . The predicted values of SF were regressed on values of observed SF to adjust variation that was not included by theoretical equation.
where SFp is the predicted subcutaneous fat (kg), TBS is total body surface (m 2 ), and FT is fat thickness (cm). Predictions of Subcutaneous, Carcass, and Body Fats. Equations were developed using information either obtained in vivo (e.g., SBW) or after the slaughter of the animal. The equation development was done in 6 steps. In each step, variables associated with the deposition of InF, CFp, and EBFp were included in the model. These variables were included in the model to adjust the variation not explained by SBW by itself. In the first step, an equation was developed for all variables using SBW as the only predictor. In the second step, an equation for SF was developed using SFp estimated by a theoretical equation. In the third step, SBW and SF were used as predictors for CFp and CFch; CFp and CFch were also used to predict EBFp and EBFch, respectively, and SBW and CFp were used as predictors of EBFp. In the fourth step, HHF was used to estimate CFp, EBFp, CFch, and EBFch. The HHF was added to the model because it has been widely used to estimate carcass and body compositions because of its easy determination and low costs (Hankins and Howe, 1946) . In the fifth step, SBW and HHF were used to estimate CFp, EBFp, CFch, and EBFch. In the sixth step, SBW and BM were used as possible predictors of SF, InF, CFp, EBFp, CFch, and EBFch. Several BM have been suggested as possible predictors of the pattern of growth and the distribution of fat in the carcass and the body of grazing bulls under conditions similar to those in our study (Fernandes et al., 2010) .
Statistical Analyses and Model Evaluation
Statistical Analyses. Statistical analyses were performed using SAS (SAS Inst. Inc., Cary, NC). Descriptive statistics were obtained with PROC MEANS, and Pearson correlation coefficients among variables were obtained with PROC CORR to decide which variables were more related to the variation of fat depots. Linear regressions were developed to estimate TBS, BV, SF, InF, CFp, EBFp, CFch, and EBFch with PROC REG. The STEPWISE and Mallow's Cp options were used in PROC REG to determine significant (P < 0.05) variables to be included in the statistical models. Outliers were tested by plotting the studentized residual against the statistical model-predicted values. Data points were removed if the studentized residual was outside the range of -2.5 to 2.5. All interactions among variables and their quadratic effects were evaluated and removed from the model if they were not significant (P > 0.10). The goodness of fit of the regression was assessed by the root-mean-square error (RMSE) and r 2 .
Model Evaluation. The comparison of observed and predicted TBS, BV, and SF were realized, and the r 2 and the simultaneous F test for the intercept equal to 0 and slope equal to 1 were evaluated. Additionally, we used the concordance correlation coefficient (CCC) and the root-mean-square error of the prediction (RMSEP) as discussed by Tedeschi (2006) . The accuracy for these comparisons was obtained by comparing the bias correction (Cb) statistic as reported by Lin (1989) . Table 1 shows age, BW, body characteristics, body components, and BM used to develop the equations. The number of observation used to determine TBS and BV were 27 and 28, respectively, because of the difficulty in collecting the measurements. The data were collected immediately after the weaning of the animals and extended until slaughter; therefore, the age ranged from 8.4 to 19.2 mo. This large range in the age, supplementation plans, and forage quality caused a variation of FBW from 149 to 550 kg and, consequently, variation in fat depots and body components. A small difference in the proportion of fat depots in the carcass and empty body was detected. Physically separable carcass fat represented approximately 69% of the EBFp. Additionally, about 24% of CFp was deposited as SF, and the remaining 76% was deposited as intermuscular fat. In a similar study, Fernandes et al. (2010) also reported decreased fat content. They attributed this to the young bulls and the low concentration of dietary energy under grazing conditions. The average dressing percentage was 55.8%, which is in agreement with that reported by Fernandes et al. (2010) when using bulls with similar genetics and under similar feeding conditions. Table 2 shows Pearson correlation coefficients between variables taken on the live animal, carcass, and body characteristics that were used in developing the prediction equations. Significant correlations of the SBW and BM were observed (P < 0.01). The BL and GC variables were highly correlated with characteristics evaluated. Lawrence and Fowler (2002) and Thompson et al. (1983) reported a strong relationship between these variables and FBW. Gresham et al. (1986) also reported high relationships of SBW and GC with CFp. This is likely because the body of the animal grows as a whole, including all body parts, during the growth phase (Fernandes et al., 2010) . Large correlations between SBW, CFp, and EBFp were also observed (Table 2 ).
RESULTS AND DISCUSSION

Descriptive Statistics and Correlation Analyses
Equations to Predict TBS and BV
Predicting TBS. Equations developed to predict TBS and BV are listed in Table 3 . The TBS and BV developed with Eqs.
[1] and [4], respectively, were based on the hypothesis that the bovine body has the shape of a cylinder because it was the best geometric figure tested in attempt to explain TBS. Equation [1] was efficient in predicting the observed TBS. Although the observed TBS was 1.57 times greater than that predicted by Eq.
[1] (Table 3 ) the results suggested a high precision (r 2 > 0.99). This mean bias is likely because the cylinder area did not account for the neck and leg surfaces. Despite this underestimation, a small RMSE of 0.129 m 2 was observed. This result indicated the use of Eq. [1] might be a better predictor of TBS than the assumption that the body has shape of a frustum, as previously suggested by Fernandes et al. (2010) . Equation [2] in Table 3 used only SBW as the predictor of TBS. However, a smaller r 2 and an increased RMSE (0.9084 and 0.1697 m 2 , respectively) compared with Eq. [1] in Table  3 were observed. Equation [3] in Table 3 suggested that SBW and HW would be better predictors of TBS than SBW alone, but r 2 and RMSE (0.9991 and 0.134 m 2 , respectively) were similar to those observed for Eq. [1] in Table 3 . Our finding is in agreement with Pani et al. (1976) , who reported that equations derived from SBW with a linear measurement of HW, BL, or GC estimated TBS of Hariana cattle more accurately than an equation based on SBW alone. Fernandes et al. (2010) showed that SBW and BL are important BM affecting the TBS. Brody and Elting (1926) , Pani et al. (1976) , and Pani et al. (1981) reported that HW and BL were good predictors of TBS. These authors suggest that the energy metabolism of animals is directly proportional to their TBS, but practicable and accurate methods for measuring the TBS of living animals were not established.
The evaluation of the accuracy of the models developed to predict TBS using theoretical equations indicated that Eq. [1] was precise (r 2 = 0.952) in accounting for the variation of the observed values. The intercept was different from 0 (P < 0.001), and the slope was different from 1 (P < 0.001), indicating possible mean and systematic biases. In addition, the Cb (0.138) and CCC (0.134) indicated lower accuracy of the model. The [1], suggesting that although the observed BV would increase only 2.8% for each cubic meter of predicted BV, the observed TBS would increase 57% for each square meter of predicted TBS. Fernandes et al. (2010) predicted an extra volume of about 1.7 times greater than the observed volume when they considered that the body of the animal had a shape similar to a frustum. Equation [5] in Table 3 considered only SBW, and it had an increased r 2 (0.997) and smaller RMSE (0.003 m 3 ) compared with the use of the BV of a cylinder (Eq. [4] in Table 3) . These values were similar to those reported by Fernandes et al. (2010; 0.999 and 0.005, respectively) , confirming the high correlation between SBW and BV (also showed in Table 2 ). Because of that high correlation between BV and SBW, there was practically no improvement in r 2 and RMSE (0.997 and 0.0037 m 3 , respectively) when BM was included in the model to predict BV. Equation [6] in Table 3 indicated that although significant, HBW and RH could explain little additional variation. Fernandes et al. (2010) reported that this relationship of BV with SBW may be linked to small variations in body composition of these animals, principally fat content, resulting from the decreased diet energy density for cattle under grazing conditions, including cattle during the backgrounding phase. However, in our study, the negative intercept (Eq. [5] in Table  3) indicates that when SBW increases, body density decreases, suggesting an increased proportion of body fat.
The regression of observed on predicted BV values ( Fig. 1) indicated that Eq. [4] in Table 3 was precise (r 2 > 0.94) in predicting the observed BV and the accuracy was intermediate (Cb = 0.790 and CCC = 0.768). However, the intercept was different from 0, and the slope was different from 1, suggesting that the prediction of BV using the theoretical equation was not consistent with the observed values.
Equations to Predict Subcutaneous Fat, Internal Fat, and Carcass and Empty Body Fats Predicting Physically Separable Subcutaneous Fat.
A large portion of the variability of SF was accounted for by SBW (r 2 = 0.830; Eq. [1] in Table 4 ). Fernandes et al. (2010) also reported a high precision in predicting SF when SBW was the only predictor of SF. As SBW increased, SF increased by 22 g/kg SBW in our study, whereas Fernandes et al. (2010) reported a relationship of 40 g/kg. The precision in predicting SF using the theoretical equation (Eq. [2] in Table 4 ) was intermediate (r 2 = 0.58 and RMSE = 1.25 kg). Variations in the SF of young animals seem to be difficult to predict because of the small amount of this tissue. Equation [3] in Table 4 included BM and SBW in predicting the SF. The stepwise selection indicated that BL and HW explained the variation in SF not explained by the SBW alone (Eq.
[1]) by 13.7% more. When these variables were included in the statistical model, there was an increase in r 2 from 0.83 to 0.967 and a decrease in the RMSE from 1.01 to 0.94 kg compared with Eq. [1] in Table 4 . However, BL had a negative relationship with SF. Fernandes et al. (2010) also reported that the precision in predicting SF was improved when BM were included in the model. The variable HW was also selected in the prediction of TBS, showing that this variable plays an important role in explaining variation in characteristics that involve rela- Table 4 also suggested an increase of 30 g of SF per kilogram of SBW. The results of model evaluation indicate that Eq.
[2] in Table 4 was not precise (r 2 = 0.597) and had lower accuracy (Cb = 0.460 and CCC = 0.355). In addition, the RMSEP was very high (around 5.257 kg).
Predicting Physically Separable Internal Fat. Table 4 were used to estimate the internal fat, which was composed of visceral fat plus KPH. Equation [4] in Table 4 was based only on SBW and had an r 2 of 0.866 and RMSE of 1.32 kg. Equation [5] in Table 4 included PBW to explain the variation in InF not accounted for by SBW alone. The inclusion of this BM improved the precision of the prediction (r 2 = 0.984 and RMSE = 1.26 kg). The measurement of InF is difficult and expensive, and it usually requires slaughter of the animal (Ribeiro et al., 2008; Ribeiro and Tedeschi, 2012 ) and the dissection of the gastrointestinal tract (Holloway et al., 1990) . Therefore, the development of equations to predict these components can expedite and reduce the cost of InF determination.
Equations [4] and [5] in
Predicting Physically Separable Carcass Fat. Equations to predict CFp are shown in Table 4 . All equations had high r 2 values. A large portion of the variability of the CFp was accounted for by including SBW as the sole predictor (Eq. [6] ). This result provided further evidence that SBW was the single most important variable in estimating carcass fat. Equation [6] in Table 4 had an r 2 of 0.83 and an RSME of 3.47 kg and suggested an increase of 79 g of CFp for each kilogram of increased in SBW. Fernandes et al. (2010) also indicated that SBW was a good estimator of the variation in CFp (r 2 = 0.897 and RMSE = 3.22 kg). In an attempt to improve Eq. [6] in Table 4 , Eq. [7] in Table 4 was developed by including variable SF. There was an increase in r 2 to 0.984 and a decrease in the RMSE to 2.84 kg. This suggested that the SF can be a good predictor of the variation in CFp and can be used to explain the variation not accounted by SBW alone. Equation [7] in Table 4 suggested that only 42 g of CFp were increased per unit of increased SBW and an increase of 1.38 kg of CFp for each kilogram if increased in SF. This result projected a deposit of 76% intermuscular fat and 24% of SF.
A variable that has been used as a good and reliable predictor of the carcass composition and body fat is the 9th-to 11th-rib section (Hankins and Howe, 1946; Alhassan et al., 1975) . The fat content is the most variable component in the carcass and body measurements because it depends on many factors, including breed, sex, age, and maturity (Tedeschi et al., 2004; Bonilha et al., 2011) . Therefore, the inclusion of the HHF with the SBW as shown in Eq. [9] in Table 4 improved the predictability of CFp compared with only using HHF (Eq.
[8] in Table 4 Table  4 . Equation [10] in Table 4 also had RD and GC as important variables in predicting CFp variation.
Predicting Physically Separable Empty Body Fat. Similar to the equations developed to predict CFp, all the equations to predict EBFp had a high r 2 (>0.87%; Table  4 ). This similarity was expected between the carcass and empty body because the carcass is the largest fat component of the body fat. Equation [11] in Table 4 30% as InF. These estimates are similar to those reported by Ferrell and Jenkins (1984) and Fernandes et al. (2010) .
When the EBFp was estimated using only HHF, we obtained r 2 = 0.92 and RMSE = 3.28 kg (Eq. [14] in Table 4 ). Equation [15] in Table 4 (Table 4) estimated EBFp using SBW and BM. The stepwise procedure included RD along with SBW. There was an increase in the RMSE to 3.99 kg and a small decrease in r 2 to 0.985 when compared with Eq.
[15] ( Table 4 ), suggesting that RD should be an important BM in estimating both carcass and body fat, but HHF yielded better predictions. Fernandes et al. (2010) suggested AW as an important BM in the estimate of EBFp.
Development of Equations to Predict Chemical Fat in the Carcass and Empty Body
Predicting Carcass Chemical Fat. Equations developed to predict CFch are shown in Table 5 . Similar to the previous equations, the SBW seemed to be the main variable in predicting CFch. In general, all equations developed to predict CFch had high r 2 . Equation [1] in Table 5 used only SBW (r 2 = 0.925) and indicated that an average of 94 g of CFch per kilogram of SBW were deposited. When physical SF was included in the statistical model, there was a small increase in r 2 (0.934) and a decrease in the RMSE (2.44 kg; Eq. [2] in Table  5 Table 5 ) increased the precision with less RMSE than the previous equations. Equation [6] in Table 5 included RD and had a fitness similar to those for Eq.
[5] (Table 5) . Similarly, the stepwise procedure indicated that RD was the most important BM to estimate CFch. Because of the high correlation of SBW in predicting CFch, all equations that included other variables had small improvements. Equation [6] (Table 5) , based only on SBW and RD, might be useful under practical 1 SF = subcutaneous fat, kg; SBW = shrunk BW, kg; BL = body length, cm; HW = height at withers, cm; PBW = pin bone width, cm; RD = rib depth, cm; GC = girth circumference, cm; INTF (internal fat) = KPH + fat visceral; CFp = carcass physical fat; HHF = 9th-to 11th-rib section fat, kg; EBFp = empty body physical fat, kg; RMSE = root-mean-square error. Values within parentheses are SE of the parameter estimate; *P < 0.05, **P < 0.01, and ***P < 0.001. Intercepts that were not different from 0 were removed from the final equation; when the intercept was used, r 2 for Eqs. conditions to predict the CFch because it does not require carcass information.
Predicting Empty Body Chemical Fat. The equations developed to predict EBFch are shown in Table 5 . All equations had good fitness and accounted for more than 88% of the variation. Equation [7] in Table 5 predicted EBFch using only SBW (r 2 = 0.92) and suggested an increase of 149 g of EBFch per kilogram of SBW. Fernandes et al. (2010) reported an increase of 162 g of EBFch per kilogram of SBW, with an r 2 of 0.913. Equation [8] in Table 5 predicted EBFch using observed CFch. This equation had the greatest precision (r 2 = 0.998 and RMSE = 1.86 kg), estimating an increase of 1.61 kg of EBFch per kilogram of CFch. This high relationship between EBFch and CFch was expected because the carcass fat is a major component of the body fat. Bonilha et al. (2011) Table 5 ) had a good fitness. The use of the stepwise method to identify explanatory BM variables confirmed that RD, although having a negative relationship, was an important variable to estimate the chemical carcass and body fats (Eqs. [6] and [11] in Table 5 , respectively).
In conclusion, our results suggested that SBW in association with BM and other postmortem body characteristics might increase the precision in estimating TBS, BV, SF, InF, and physical and chemical CF and EBF of growing cattle under tropical grazing conditions. Further studies should evaluate the use of these equations and BM under different production systems. 
